Quintessence with Yukawa Interaction by Costa, André A. et al.
ar
X
iv
:1
41
1.
36
60
v2
  [
as
tro
-p
h.C
O]
  2
 Ju
l 2
01
5
Quintessence with Yukawa Interaction
Andre´ A. Costa,∗ Lucas C. Olivari,† and E. Abdalla‡
Instituto de F´ısica, Universidade de Sa˜o Paulo, C.P. 66318, 05315-970, Sa˜o Paulo, SP, Brazil
(Dated: July 17, 2018)
We consider a quintessence model for dark energy interacting with dark matter via a Yukawa
interaction. To put constraints on this model we use the CMB measurements from the Planck
satellite together with BAO, SNIa and H0 data. We conclude that this is a viable model and an
appropriate scalar potential can favor the interacting scenario.
PACS numbers: 98.80.Es, 98.80.Jk, 95.30.Sf
I. INTRODUCTION
Several cosmological observations, such as the mea-
surement of the temperature anisotropies in the cosmic
microwave background (CMB) [1–4], the measurement of
the apparent magnitude of Type Ia supernovae (SNIa)
as a function of redshift [5], and the measurement of
baryon acoustic oscillations (BAO) [6, 7], have demon-
strated that the Universe is currently in an accelerated
phase of expansion and that its total energy budget is
dominated by a dark energy component. The nature of
dark energy is, despite years of intense investigations, an
unsolved problem, both under the theoretical and the
observational point of view.
The most straightforward candidate for dark energy is
the cosmological constant Λ, which has a constant equa-
tion of state parameter ω = −1. In the standard Λ-cold
dark matter (ΛCDM) model of the Universe, the cold
dark matter only interacts with other components grav-
itationally, while the dark energy is simply the vacuum
energy and therefore has no dynamics. This model fits
very well the current observational data, including the
recent Planck data [2–4]. Despite its observational suc-
cess, this model exhibits some theoretical shortcomings
such as the discrepancy between the value of the vacuum
energy obtained through observations and the theoreti-
cally estimated value [8]. This model also suffers from a
coincidence problem, i.e., why is the energy densities of
matter and dark energy comparable in size at late times
[9, 10]?
Many alternative models for dark energy that attempt
to avoid the problems in the ΛCDM model have been
proposed in the literature. Most of them make use of
a dynamical field to describe the dark energy, such as
quintessence [11–13] and K-essence [14, 15]. Despite the
fact that none of these models actually solve the prob-
lems that plague the cosmological constant nor provide
a better fit to data than ΛCDM, some strong arguments
have been given to justify the use of dynamical dark en-
ergy models to describe the Universe [11–13].
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The quintessence model is composed by a canonical
scalar field φ that slowly rolls down a potential energy
V (φ). In this case, the dark energy has a dynamical
equation of state ω and it can form large scale structures.
Also, for being a dynamic component, the quintessence
can naturally interact with other components of the Uni-
verse, such as the cold dark matter and neutrinos.
The idea that there is an interaction between dark en-
ergy and dark matter has a number of interesting prop-
erties from a cosmological point of view. First, it has
the theoretically appealing idea that the full dark sector
can be treated in a single framework. It can thus help
us alleviating the coincidence problem, since the dark
energy density now depends on the dark matter energy
density. Also an appropriate interaction can accommo-
date an effective dark energy equation of state in the
phantom region at the present time [16]. At last, the
interaction between dark energy and dark matter can af-
fect significantly the expansion history of the Universe
and the evolution of density perturbations, which allows
us to constrain the parameters of such a model through
cosmological observations.
Cosmologies in which an interaction between dark en-
ergy and dark matter is present have been widely ex-
plored before in the literature, both at a phenomenolog-
ical and at a Lagrangian level [17–32]. However, most
of the approaches that attempt to discuss an interact-
ing dark sector at a Lagrangian level are built within the
framework of modified gravity [17, 33] or treat the dark
energy as an exotic form of matter [30, 31]. The model
that will be discussed in this work is, on the other hand,
built within the framework of the standard quantum field
theory in an attempt to be as simple as possible. To ac-
complish this, we will treat the dark energy as a canon-
ical scalar field, like the scalar field of the quintessence
model, and the dark matter as a spin 1
2
fermionic field.
We postulate that the dark energy interacts only with
the dark matter. Consequently, in our model, the bary-
onic matter respects the same conservation equation as
it does in the ΛCDM model. Therefore, locally in the
Solar System, where the baryonic matter dominates, we
do not have a fifth force problem [34, 35]. Of course,
the scalar field will induce a fifth force in the dark mat-
ter component which can affect the barionic distribution
through gravitation, however this effect will only be im-
portant at large distances where dark matter dominates
2[26, 34, 36, 37]. We also postulate that the interaction in
the dark sector is given by a Yukawa term which couples
the scalar and the fermionic fields. The Yukawa interac-
tion is renormalizable and well studied in the literature,
including cosmology [38, 39].
In order to constrain the cosmological parameters, we
make use of the latest high precision Planck data on CMB
temperature anisotropies together with the latest data
on BAO, SNIa and the latest constraint on the Hubble
constant [40].
This paper is organized as follows: in section II we
describe the interaction model between dark energy and
dark matter derived from a Lagragian with a Yukawa
coupling and present the background and linear pertur-
bation equations. In section III we explain the methods
used in the analysis. Section IV presents and discusses
the results of the analysis. Finally, we summarize our
results and conclusions in section V.
II. THE YUKAWA MODEL
The coupled dark sector, consisting of a canonical
scalar field representing the dark energy and a spin 1
2
fermionic field representing the dark matter, is described
by the Lagrangian
L = −1
2
∂µφ∂µφ− V (φ)−m(φ)ψ¯ψ + LK[ψ] , (1)
where V (φ) is the scalar field potential, which, in princi-
ple, can have any functional form, LK is the kinetic part
of the fermionic Lagrangian, and m(φ) is the effective
fermionic mass, which, in our model, is given by
m(φ) =M − βφ , (2)
where M is the fermionic mass and β is the Yukawa cou-
pling constant.
In what follows, we consider that the metric is given by
the flat Friedmann-Lemaitre-Robertson-Walker (FLRW)
metric, which, when written in terms of the conformal
time, η, is given by
ds2 = −a2(η)dη2 + a2(η)δijdxidxj (3)
and every “temporal” derivative is taken with respect to
the conformal time.
The conservation equations for the energy densities of
dark energy (d) and dark matter (c), which is considered
pressureless, are given by
ρ˙d = −3Hρd(1 + ω) +Q0,
ρ˙c = −3Hρc −Q0 , (4)
where H = 1a dadη , ω ≡ P/ρ is the dark energy equa-
tion of state parameter, and Q0 is a generic function
representing the exchange of energy in the dark sec-
tor. Here we have treated both components of the
dark sector as a fluid with the energy-momentum ten-
sor TAµν = (ρA + PA)uAµuAν + PAgµν , where uAµ =
(−a, 0, 0, 0) is the A-fluid 4-velocity. From the La-
grangian, Eq. (1), the scalar field has energy density
and pressure given by
ρd =
φ˙2
2a2
+ V (φ), Pd =
φ˙2
2a2
− V (φ) . (5)
The source Q0 that appears in the energy conservation
equations, Eqs. (4), is related to the effective fermionic
mass appearing in the Lagrangian by the relation [41, 42]
Qµ = −∂ lnm(φ)
∂φ
ρc∇µφ . (6)
To obtain this relation it is necessary to use the equations
of motion of the scalar field and the fermionic field, which
can be obtained from the Lagrangian through the vari-
ational principle, and the supposition that these fields
can be described by perfect fluids in a cosmological level
[41, 42]. Therefore the model that we consider here cor-
responds to the choice
Q0 =
β
M − βφρcφ˙
=
r
1− rφρcφ˙ , (7)
where we have defined r ≡ βMMpl and we chose to nor-
malize all mass scales with the reduced Planck mass
Mpl = 1/
√
8πG = 2.435 × 1018 GeV, where G is the
gravitational constant. We see from equation (7) that
the interaction β and the fermion mass M are degener-
ate and so we cannot know both at the same time but
only the ratio r. Therefore, we use r instead of β as
our interaction parameter. This has the advantage of de-
creasing one degree of freedom in the analysis, at the cost
that we are unable to know the individual values of β or
M .
We can generalize the energy-momentum conservation
equations for the dark sector components to the covariant
form
∇νT νdµ =
r
1− rφρc∇µφ,
∇νT νcµ = −
r
1− rφρc∇µφ . (8)
A. Background Evolution
As we have previously assumed that the background
Universe is described by a flat FLRW metric, Eq. (3), we
are led, by the Einstein field equations, to the Friedmann
equation,
H2 ≡
(
a˙
a
)2
=
8πG
3
a2ρt , (9)
3where ρt is the total energy density. Using equation (5),
the Friedmann equation (9) can be written as
H2 = 8πG
3
a2
(
ρr + ρb + ρc +
φ˙2
2a2
+ V (φ)
)
. (10)
In this equation we are considering all the components
of the Universe, with ρr and ρb being the radiation (pho-
tons and neutrinos) and baryonic energy densities, re-
spectively. We can define the energy density parameters
ΩA ≡ ρA/ρt, where ρA is the energy density of the A-
fluid.
Considering that the dark sector of the Universe re-
spects the characteristic equations of our model, Eqs.
(8), for all the components of the Universe, the time com-
ponents of the energy-momentum conservation equation
are
ρ˙r + 4Hρr = 0, (11)
ρ˙b + 3Hρb = 0, (12)
ρ˙c + 3Hρc = − r
1− rφρcφ˙, (13)
ρ˙d + 3Hρd(1 + ω) = r
1− rφρcφ˙ . (14)
Since the dark energy equation of state, ω, and the inter-
action, Q0, depend on the scalar field and its conformal
time derivative, φ and φ˙, we use the Klein-Gordon equa-
tion, which is obtained directly from the Lagrangian, Eq.
(1), to completely describe the dark energy component,
φ¨+ 2Hφ˙+ a2V ′(φ) = a2 r
1− rφρc , (15)
where the prime denotes a derivative with respect to the
scalar field φ.
The solution of these equations is obtained choosing
initial conditions such that the energy density parameters
today are given by the observed parameters Ωc and Ωd.
Thus, we have three initial conditions, ρci , φi and φ˙i, to
satisfy two parameters. Without loss of generality, we
can fix φ˙i. In fact, we have varied φ˙i over a large range
and verified that the results are independent of it.
The interaction Q0 has a diverging point at rφ = 1,
thus to avoid this point we will stay in the region rφ < 1.
Therefore, the sign of the interaction depends on r and
φ˙, if they have the same sign, Q0 is positive and we have
a flux of energy from dark matter to dark energy. On the
other hand, if r and φ˙ have opposite signs, Q0 is negative
and the flux is from dark energy to dark matter. We
observe that, unlike the phenomenological case [32], the
sign of Q0 is not necessary fixed, it can change during
the evolution of the Universe.
B. Linear Perturbations
In this section we will consider the evolution of lin-
ear cosmological perturbations in our model. In the syn-
chronous gauge, the line element of the linearly perturbed
FLRW metric is given by [43, 44]
ds2 = −a2(η)dη2 + a2(η)[(1 + 1
3
h)δij +Dijχ]dx
idxj .
(16)
Here, we will restrict our analysis to the scalar modes, h
and χ, of the metric perturbations.
The inhomogeneous part of the energy density of dark
matter and the scalar field can be written as
ρc(η, ~x) = ρc(η)[1 + δc(η, ~x)], (17)
φ(η, ~x) = φ(η) + ϕ(η, ~x) , (18)
where ρc(η) and φ(η) concern the background while δc
and ϕ are the linear perturbations. For the dark mat-
ter, using the perturbed part of the energy-momentum
conservation equations for the dark sector, Eqs. (8), we
obtain, in the Fourier space, the following equations,
δ˙c = −θc − h˙
2
− r
1− rφ ϕ˙+
r2
(1 − rφ)2 φ˙ϕ, (19)
θ˙c = −Hθc + r
1− rφθcφ˙− k
2 r
1− rφϕ , (20)
where θc = ikjv
j
c is the gradient of the velocity field.
In these equations, we have neglected the shear stress
of the dark matter, which is always small because of its
non-relativistic character. We note that, in the presence
of the interaction, the gradient of the velocity θc will be
non-zero throughout the Universe evolution. This means
that, instead of working in the cold dark matter rest
frame, we will work in an arbitrary synchronous gauge.
For the dark energy, we only need the time compo-
nent of the energy-momentum conservation equation (8),
which gives
ϕ¨+ 2Hϕ˙+ k2ϕ+ a2 d
2V
dφ2
ϕ+
h˙φ˙
2
= −a2 r
2
(1− rφ)2ϕρc + a
2 r
1− rφρcδc . (21)
To the other components of the Universe, baryons and
radiation, we have the same perturbed equations as in
the ΛCDM model.
To solve these perturbed equations we need to provide
two initial conditions to ϕ and ϕ˙. We will consider that,
at early times, we have adiabatic initial conditions for
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FIG. 1: (Color online). Power spectra for the Yukawa model with r = βMMpl = 0 and different values of the scalar
potential parameter.
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FIG. 2: (Color online). Power spectra for the Yukawa model with λ = 1 and different values of the dimensioless
interaction parameter r = βMMpl.
the dark sector, which implies that [22]
δρφ
ρφ + Pφ
=
δρc
ρc + Pc
, (22)
and that the scalar field intrinsic perturbation is zero,
δρφ
ρφ
− δPφ
Pφ
= 0 . (23)
These choices are not determinant to the Universe evolu-
tion because isocurvature perturbations will be produced
due to the presence of non-minimal coupling in the dark
sector [45].
We modify the CAMB code [46] to include the La-
grangian model above. We consider that the scalar po-
tential is given by
V (φ) = Ae−λφ/Mpl , (24)
where A is a normalization constant and λ is a dimen-
sionless parameter. We set A to be equal to the value of
the cosmological constant energy density A = ρΛ in the
ΛCDM cosmology. Thus, λ 6= 0 and r 6= 0 is a measure
of how our model differs from the cosmological constant
model.
Figures 1 and 2 present some graphs for the CMB and
matter power spectrum obtained from our interacting
model for different values of its parameters. Figure 1
5shows that the scalar potential parameter λ has a small
effect on the CMB and matter power spectrum, affecting
mainly the low-l CMB power spectrum. On the other
hand, we see from Fig. 2 that, in addition to modifying
the CMB spectrum at low l, the coupling between dark
matter and dark energy influences the acoustic peaks at
large multipoles.
III. DATA ANALYSIS
To constrain the cosmological parameters in our inter-
acting model, we use several data sets: the measurements
of CMB anisotropies, BAO, SNIa and the direct measure-
ment of the Hubble constant H0. Below we describe the
likelihood for these measurements.
The Planck data set that we use is a combination of
the low-l TT likelihood, which includes measurements
for l = 2 − 49, combined with the high-l TT likeli-
hood, which includes measurements from l = 50 up to
a maximum multipole number of lmax = 2500 [2–4]. To-
gether with the Planck data, we include the polarization
measurements from the nine year Wilkinson Microwave
Anisotropy Probe (WMAP) [47], the low-l (l < 32) TE,
EE, and BB likelihoods.
In addition to the CMB data sets, we also consider
measurements of baryon acoustic oscillations (BAO) in
the matter power spectrum. We combine the results from
three redshift surveys: the 6dF Galaxy Survey measure-
ment at redshift z = 0.106 [48], the SDSS DR7 BAO
measurement at redshift z = 0.35, as analysed by Pad-
manabhan et al. [49] and the BOSS DR9 measurement
at z = 0.57 [50]. These redshift surveys measure the
distance ratio
dz =
rs(zdrag)
DV (z)
, (25)
where rs(zdrag) is the comoving sound horizon at the
baryon drag epoch, which is the epoch when baryons be-
came dynamically decoupled from photons, and DV (z)
combines the angular diameter distance dA(z) and the
Hubble parameter H(z), in a way appropriate for the
analysis of spherically-averaged two-point statistics,
DV (z) =
[
(1 + z)2d2A(z)
cz
H(z)
]1/3
. (26)
The comparison with BAO measurements is made using
χ2 statistics
χ2BAO = (x− xobs)TC−1BAO(x− xobs) , (27)
where x is our theoretical predictions and xobs de-
notes the data vector. The data vector is composed
of the measurements of the three data sets above:
for the 6dF, DV (0.106) = (457 ± 27) Mpc, for the
DR7, DV (0.35)/rs = 8.88 ± 0.17, and for the DR9,
DV (0.57)/rs = 13.67± 0.22.
We also use the SNIa data from the Supernova Cos-
mology Project (SCP) Union 2.1 compilation [51], which
has 580 samples. The Union 2.1 uses SALT2 [52] to fit
supernova lightcurves. The SALT2 model fits three pa-
rameters to each supernova: an overall normalization, x0,
to the time dependent spectral energy distribution of a
SNIa, the deviation from the average lightcurve shape,
x1, and the deviation from the mean SNIa B - V color,
c. Combining these parameters, the distance modulus is
given by
µB = m
max
B +α ·x1−β ·c+δ ·P (mtrue⋆ < mthreshold⋆ )−MB,
(28)
where mmaxB is the integrated B-band flux at maximum
light, P (mtrue⋆ < m
threshold
⋆ ) gives the correlation of SNIa
luminosity to the mass of the host galaxy, and MB is the
absolute B-band magnitude. The nuisance parameters α,
β, δ and MB are fitted simultaneously with cosmologi-
cal parameters. The best-fit cosmology is determined by
minimizing the χ2,
χ2SN =
580∑
i=1
[µB(α, β, δ,MB)− µ(z,Ωm,Ωd, λ, r)]2
σ2
. (29)
To test our interacting dark energy model we use the
CosmoMC [53, 54] module associated with the Union
2.1 sample. In this module the nuisance parameters
are hold fixed with values α = 0.1218, β = 2.4657 and
δ = −0.03634.
From observations of Cepheid variables and low-
redshift Type Ia surpernovae, the Hubble Space Tele-
scope (HST) determined the Hubble constant with 3.3%
uncertainty, including systematic errors [40],
H0 = 73.8± 2.4 kms−1Mpc−1 . (30)
We use this measurement of the Hubble constant as an
additional constraint.
IV. RESULTS
TABLE I: Priors for the cosmological parameters
considered in the analysis of the Yukawa interacting
model.
Parameters Prior
Ωbh
2 [0.005, 0.1]
Ωch
2 [0.001, 0.99]
100θ [0.5, 10]
τ [0.01, 0.8]
ns [0.9, 1.1]
ln(1010As) [2.7, 4]
λ [0.1, 1.5]
r = β
M
Mpl [−0.1, 0.1]
We want to put constraints on the cosmological pa-
rameters and verify if the Yukawa interaction is favored
6TABLE II: Cosmological parameters - Yukawa model
Planck Planck+BAO Planck+BAO+SNIa+H0
Parameter Best fit 68% limits Best fit 68% limits Best fit 68% limits
Ωbh
2 0.02186 0.02195+0.000279−0.00028 0.02208 0.02198
+0.000268
−0.000266 0.02208 0.022
+0.00027
−0.000276
Ωch
2 0.1159 0.1171+0.00477−0.00315 0.1169 0.1175
+0.00252
−0.0018 0.117 0.1162
+0.00218
−0.00174
100θMC 1.041 1.041
+0.000651
−0.000645 1.042 1.041
+0.000578
−0.000584 1.041 1.041
+0.000572
−0.000581
τ 0.08589 0.08879+0.0125−0.0139 0.08217 0.08979
+0.0121
−0.0135 0.09744 0.08998
+0.0122
−0.0137
ns 0.9589 0.959
+0.0075
−0.00753 0.9617 0.9594
+0.00604
−0.00603 0.9626 0.9603
+0.00603
−0.00599
ln(1010As) 3.084 3.086
+0.0246
−0.0249 3.069 3.087
+0.0236
−0.026 3.1 3.087
+0.0245
−0.0244
λ 0.5627 0.7497+0.75−0.65 0.1799 0.6518
+0.173
−0.552 0.2435 0.4043
+0.0765
−0.304
r -0.06695 −0.009795+0.046−0.0613 0.02099 −0.006231
+0.0463
−0.0548 -0.03865 −0.01021
+0.0794
−0.0675
Ωd 0.7175 0.6882
+0.03
−0.037 0.7005 0.6887
+0.0167
−0.0139 0.7049 0.7069
+0.012
−0.012
Ωm 0.2825 0.3118
+0.037
−0.03 0.2995 0.3113
+0.0139
−0.0167 0.2951 0.2931
+0.012
−0.012
zre 10.71 10.94
+1.08
−1.08 10.33 11.02
+1.06
−1.05 11.65 11.01
+1.08
−1.08
H0 69.99 67.16
+2.41
−3.3 68.28 67.13
+1.61
−1.21 68.8 68.85
+1.06
−1.06
Age/Gyr 13.65 13.75+0.157−0.0744 13.78 13.77
+0.071
−0.0502 13.74 13.72
+0.0753
−0.0604
χ2min/2 4903.10 4904.04 4971.32
TABLE III: Cosmological parameters - Yukawa model with fixed λ =
√
3/2
Planck Planck+BAO Planck+BAO+SNIa+H0
Parameter Best fit 68% limits Best fit 68% limits Best fit 68% limits
Ωbh
2 0.02197 0.02194+0.000273−0.000281 0.022 0.022
+0.00028
−0.000286 0.02206 0.02194
+0.000284
−0.000281
Ωch
2 0.1166 0.1176+0.00421−0.00302 0.1187 0.117
+0.00343
−0.00176 0.1174 0.117
+0.00166
−0.00164
100θMC 1.041 1.041
+0.000638
−0.000636 1.041 1.041
+0.000612
−0.000601 1.041 1.041
+0.000606
−0.000598
τ 0.0931 0.08825+0.012−0.014 0.08808 0.08996
+0.0125
−0.0139 0.08497 0.08854
+0.0122
−0.0142
ns 0.966 0.959
+0.00734
−0.00737 0.9587 0.9607
+0.0063
−0.00632 0.96 0.9598
+0.0064
−0.00644
ln(1010As) 3.093 3.085
+0.0234
−0.0261 3.086 3.086
+0.0247
−0.0252 3.08 3.086
+0.0237
−0.0272
r -0.06097 −0.01971+0.0411−0.0572 -0.04986 −0.02005
+0.021
−0.058 -0.07076 −0.0669
+0.0121
−0.0175
Ωd 0.6887 0.6681
+0.0208
−0.0343 0.673 0.6719
+0.013
−0.0129 0.6919 0.691
+0.0122
−0.011
Ωm 0.3113 0.3319
+0.0343
−0.0208 0.327 0.3281
+0.0129
−0.013 0.3081 0.309
+0.011
−0.0122
zre 11.28 10.9
+1.07
−1.07 10.89 11.02
+1.09
−1.08 10.57 10.88
+1.1
−1.1
H0 66.88 65.13
+1.11
−2.76 65.74 65.28
+0.93
−1.28 67.44 67.24
+0.978
−0.997
Age/Gyr 13.7 13.78+0.159−0.0636 13.75 13.78
+0.0819
−0.0623 13.63 13.66
+0.0705
−0.0708
χ2min/2 4903.02 4903.90 4974.54
by the observational data. The priors that we use are
listed in Table I. We observe that the prior we used for
r is consistent with the bounds found in the literature
[26, 34, 36, 37]. At first we allow the parameter of the
scalar potential λ to vary freely. We fixed the helium
abundance at Yp = 0.24. The number of relativistic de-
grees of freedom is adjusted to Neff = 3.046 and the
total neutrino mass is set to
∑
mν = 0.06 eV. At last,
the spectrum lensing normalization is AL = 1. To finish
the MCMC we set the Gelman and Rubin criterion to
R− 1 = 0.03 [55].
We use the measurements of the CMB anisotropies
made by Planck together with BAO, SNIa and H0 mea-
surements. Using the priors listed in Table I we run the
MCMC. The results are shown in Table II, the 1-D pos-
teriors for the parameters are given in Fig. 3, and some
parameter degeneracies are given in Fig. 4. We observe
that the Planck data set alone is not enough to constrain
70.0216 0.0224
Ωbh
2
0.104 0.112 0.120 0.128
Ωch
2
1.040 1.042
100θMC
0.050 0.075 0.100 0.125
τ
0.945 0.960 0.975
ns
3.00 3.05 3.10 3.15
ln(1010As)
0.3 0.6 0.9 1.2 1.5
λ
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FIG. 3: (Color online). The posterior for the parameters of the Yukawa model. The black solid lines correspond to
the Planck constraints, the red dashed lines correspond to Planck + BAO and the blue dot-dashed lines correspond
to Planck + BAO + SNIa + H0.
the scalar potential parameter λ and it constrains the in-
teraction parameter r almost symmetrically around the
zero value. Adding low redshift measurements, λ tends to
its lower limit, while the interaction parameter breaks the
symmetry around the zero value. We see that, including
BAO, SNIa and H0, the null interaction gets disfavored
and the interaction parameter shows a preference for the
negative value.
We then consider the case when we fix the scalar poten-
tial parameter λ. We have learned that as we increase
the value for λ, the interaction becomes more favored.
For instance, λ =
√
3/2 produces the results in Table
III. The 1-D posterior distributions are plotted in Fig. 5.
These results show that even when we fix the parameter
λ, Planck data are compatible with a null interaction.
However, if we include low redshift measurements from
BAO, SNIa and H0, the data favor a negative value of
r. For this value of λ, the negative interaction parameter
is favored by more than 99% C.L. when we consider all
data sets. Augmenting the value of λ, a negative r is even
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FIG. 6: (Color online). Evolution of the ratio between the energy densities of dark matter and dark energy.
more favorable. Thus, we conclude that if we are able
to determine the value of λ, or if we have a theoretical
model fixing it, considering that this value is sufficiently
large, the Yukawa interaction between dark energy and
dark matter will be preferred by the cosmological data.
Besides, the best fit value that we have obtained for the
interacting parameter r helps alleviating the coincidence
problem because there is more time to the energy den-
sities of dark matter and dark energy to be comparable.
Figure 6 shows the effect of the interaction in the ratio
of the energy densities of dark matter and dark energy.
V. CONCLUSIONS
In this paper we have obtained cosmological con-
straints on the Yukawa-type dark matter-dark energy in-
teraction model from the new CMB measurements pro-
vided by the Planck experiment. We have found that a
dark coupling interaction is compatible with Planck data,
although they are still consistent with a null interaction.
We have also considered the combined constraints from
the Planck data plus other observations from low red-
shift measurements. These extra data have induced ev-
idence for a negative value of the interaction parameter
r. When we allowed the scalar potential parameter λ to
vary freely, the interaction disfavor the null interaction,
but still remained consistent with it. However, fixing λ,
we obtained significantly evidence for interaction. For
λ =
√
3/2, for example, we found a negative interaction
at more than 99% C.L., and higher values of λ favor even
more the interaction. Thus, we conclude that the Yukawa
coupled dark energy model is viable and is favorable for
sufficiently high values of the scalar potential parame-
ter. Besides, the best fit value that we obtained helps
alleviating the coincidence problem.
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